Introduction
============

Cervical cancer is the fourth most common malignancy worldwide and second most leading malignancy in female, especially in young women between 15 and 45 years of age. Despite the improvement in health policies and dissemination of vaccines, survival rate have not changed in the past years, especially in developing countries, and is still an important cause of death among women \[[@B1]\].

The cervical carcinoma is associated with persistent infection by high-risk human papilloma virus (HPV) infection \[[@B2]\]. HPV-16 and HPV-18 are the most commonly detected high-risk HPV types involved in cervical cancer \[[@B1]\]. Many studies have proved that integration of high-risk HPV DNA into host cell genome results in increased expression of oncoproteins E6 and E7, which interact with tumor suppressor proteins: p53 and retinoblastoma protein (Rb), respectively \[[@B3][@B4][@B5]\]. These interactions alter the cell cycle control by creating uncontrolled activation and cause a lenient state for non-repaired mutations and chromosomal instability \[[@B2][@B4][@B6]\]. HPV oncoproteins can also modify many biological pathways like Wnt/β-catenin signaling or mitogen-activated protein inase signaling and alter transcription factor like nuclear factor-kappaB (NF-kB) to maintain malignant processes \[[@B7][@B8]\].

Glycogen synthase kinase 3β (GSK3β) is a multifunctional protein kinase involved in numerous cellular processes; cell proliferation, differentiation, and cell cycle regulation \[[@B9][@B10]\]. The activity of GSK3β is regulated by site-specific phosphorylation. It is activated by phosphorylation at tyrosine (Tyr^216^ in GSK3β, pY216GSK3β) and inhibited by phosphorylation at serine (Ser^9^ in GSK3β, pS9GSK3β) \[[@B9][@B11]\]. GSK3β is a key regulator of various oncogenic molecules such as c-Myc \[[@B9][@B12]\], p53, c-Jun, AP-1 \[[@B9]\], cAMP response element-binding protein \[[@B13]\], and cyclin D1 \[[@B9][@B14]\]. It is also involved in multiple signaling pathways, playing an inhibitory role in Wnt/β-catenin signaling or an activating role in NF-kB mediated pathway, leading to cancer cell survival \[[@B15][@B16]\]. However, its role in cancer remains contradictory because it has shown to have paradoxical roles in various cancers as a tumor suppressor in skin, larynx, and oral cancer \[[@B17][@B18]\] or as a tumor promotor in cancers of colon \[[@B19]\], pancreas \[[@B15]\], bladder \[[@B20]\], and ovary \[[@B21]\], renal cell carcinoma \[[@B22]\] and glioblastoma \[[@B23]\].

Cyclin D1, together with its catalytic subunits known as cyclin dependent kinases (CDK4 and CDK6), is an important regulator of G1 to S phase transition in various cell types \[[@B18][@B24][@B25]\]. Overexpression of cyclin D1 has been observed frequently in human cancers and has been proven to play an important role in neoplastic transformation \[[@B26][@B27][@B28]\]. In cervical cancer, expression of cyclin D1 is aberrant. Some studies have found elevated levels of this protein \[[@B29]\], whereas others have observed it to be underexpressed \[[@B30][@B31]\]. Cyclin D1 turnover, which is dependent on threonine^286^ phosphorylation, is catalyzed by GSK3β \[[@B14]\]. The phosphorylation of cyclin D1 leads to its nuclear export and proteasomal degradation in the cytoplasm \[[@B14]\]. Therefore, inverse correlation between GSK3β and cyclin D1 would be assumed.

In the uterine cervix, GSK3β expression and its significance in cervical cancer remain unknown, although there is a report on the expression on the phosphorylated form of GSK3β in cervical cancer \[[@B32]\]. Moreover, there has been no study on the correlation between GSK3β and cyclin D1 in cervical neoplasm. The purpose of this study is to assess the expression of GSK3β and cyclin D1 and their association in different stages of cervical cancer progression. Our data showed increased GSK3β expression in cervical cancer, especially in squamous cell carcinoma (SCC), and decreased expression of cyclin D1 in cervical cancer, suggesting a possible involvement of GSK3β and cyclin D1 in cervical carcinogenesis.

Materials and methods
=====================

1. Specimens
------------

The cervical tissue specimens, collected by LEEP (loop electrosurgical excision procedure), conization or hysterectomy, were retrieved from the files of the Department of Pathology, Eulji General Hospital, Eulji University School of Medicine, Seoul, Korea from 2000 to 2015. A total of 137 patients with 31 cervical intraepithelial neoplasia (CIN) 1, 31 CIN3, 63 invasive cancers (56 SCCs and 7 adenocarcinomas) and 12 normal cervical tissues from the uteri removed for non-cervical pathologic conditions were included in this study. The age of cancer patients ranged from 22 to 81 years and the mean was 47.5 years. The stage of 63 invasive cervical cancer patients was classified into 23 cases of stage Ia, 23 stage Ib, 5 stage II, 10 stage III, and 2 stage IV according to the International Federation of Gynecology and Obstetrics (FIGO) staging system. The HPV data of the patients were not available and the authors used p16 immunostaining as an ancillary test for a marker of HPV infection. After reviewing all hematoxylin and eosin-stained slides from each case, representative paraffin blocks of each lesion were selected and tissue microarray was constructed as previously described \[[@B33]\]. The study was performed with the approval of the institutional review board of Eulji General Hospital.

2. Immunohistochemistry
-----------------------

Immunohistochemical staining was performed using an autostainer (DakoCytomation, Carpinteria, CA, USA). Four-µm-thick tissue sections were obtained from tissue microarray blocks and mounted on poly-L-lysine coated slides. After deparaffinization and rehydration, antigen retrieval was performed by heating the sections in citrate buffer (pH 6.0) at 121℃ for 10 minutes. Endogenous peroxidase activity was blocked with 3% hydrogen peroxide for 5 minutes, and the sections were incubated with antibodies against GSK3β (BD Biosciences, Lexington, KY, USA; 1:20), cyclin D1 (Dako, Glostrup, Denmark; 1:100) and p16 (p16INK4a kit). Color development and counterstaining of the sections were performed by diaminobenzidine and hematoxylin. GSK3β expression was considered as positive when more than 10% of the tumor area showed cytoplasmic with/without nuclear staining and categorized according to the intensity as weak (+), moderate (++), and strong (+++). Cyclin D1 expression was considered as positive if the percentage of nuclear staining exceeds 10% of the tumor area. The expression of p16 was considered as positive when more than 10% of the tumor area showed both nuclear and cytoplasmic staining.

3. Statistical analysis
-----------------------

Comparative analysis of immunoexpression between CIN1, CIN3, and invasive cervical cancer was performed using chi-square test and Fisher's exact test. The correlation between cyclin D1 and GSK3β expression was assessed using phi coefficient. The association between GSK3β expression and clinicopathologic parameters, such as tumor size, FIGO stage, lymphovascular invasion, lymph node metastasis, and histology were analyzed using chi-square or Fisher's exact test, respectively. In all of the experiments, a *P*-value \<0.05 was considered statistically significant. Statistical analysis of the data was performed using the SPSS ver. 14.0 (SPSS Inc., Chicago, IL, USA).

Results
=======

The staining pattern of GSK3β and cyclin D1 in precancerous and cancerous cervix tissues is shown in [Fig. 1](#F1){ref-type="fig"}. GSK3β was negative in normal epithelia, but cyclin D1 immunostaining was positive in the basal and parabasal epithelia of all normal cervical specimens. p16 was stained with patchy or diffuse basal pattern in all CIN1 specimens. All CIN3 and SCC specimens showed moderate to strong p16 staining with diffuse basal pattern. The expression of GSK3β increased with progression of disease from CIN1 (3.2%) to CIN3 (54.8%) to cancer (76.2%). Most specimens of CIN1 showed no immunoreactivity of GSK3β. In CIN3, immunostaining for GSK3β was mostly weak and strong immunostaining was observed in cancer tissues only. Cyclin D1, found present in all normal (12/12) and CIN1 specimens (31/31), decreased with disease progression but slight increase was observed in cancer (12.7%) compared to CIN3 (9.7%) ([Table 1](#T1){ref-type="table"}).

The expressional relationship between GSK3β and cyclin D1 was at inverse correlation in general (φ=-0.413, *P*\<0.001, data not shown). Among 62 CIN1 and CIN3 cases, 18 (29.0%) were GSK3β positive, 15 (83.3%) of which were cyclin D1 negative, while out of 44 (71.0%) GSK3β negative cases, 31 (70.5%) were cyclin D1 positive. This result showed the inverse correlation between GSK3β and cyclin D1 with progression in precancerous lesions (φ=-0.491, *P*\<0.001) ([Table 2A](#T2){ref-type="table"}). In CIN3 and SCC, however, out of 65 GSK3β positive specimens, 56 were cyclin D1 negative (86.2%) while only 2 out of 29 GSK3β negative specimens were cyclin D1 positive (6.9%). Therefore, there was no significant correlation between GSK3β and cyclin D1 when CIN3 progressed to invasive cancer (φ=0.100, *P*=0.333) ([Table 2B](#T2){ref-type="table"}).

The staining of GSK3β was mostly weak in overall CIN but its intensity increased in cancer, showing moderate (18/48, 37.5%) and strong (6/48, 12.5%) staining intensity in half of the cancer specimens ([Table 3](#T3){ref-type="table"}). With increasing intensity, GSK3β expression was more frequently observed in the nucleus as well as in the cytoplasm.

The expression of GSK3β was also analyzed according to clinicopathological parameters. GSK3β was found to be dependent on histological type (*P*=0.049). SCC was more related to the GSK3β expression. Out of 56 SCC cases, 45 (80.4%) were GSK3β positive and more than half (23/45, 51.1%) of them showed moderate to strong staining intensity ([Fig. 2A](#F2){ref-type="fig"}). In adenocarcinoma, most cases were GSK3β negative or weakly stained ([Fig. 2B](#F2){ref-type="fig"}). In the evaluation of the association between GSK3β expression and tumor size, FIGO stage, lymphovascular invasion, and lymph node metastasis, overall expression of GSK3β tended to increase with larger tumor size, greater FIGO stage and lymph node metastasis, but all failed to attain statistical significance. The results are summarized in [Table 3](#T3){ref-type="table"}.

Discussion
==========

GSK3β is implicated in numerous cellular processes, regulating various transcription factors and proteins such as c-Myc, NF-kB, p53, β-catenin, and cyclin D1, through phosphorylationdependent inactivation or activation \[[@B9][@B10][@B11][@B12][@B34]\]. GSK3β plays diverse roles in human diseases including diabetes, immunologic and neurologic disorders, and malignancies \[[@B9][@B10][@B35]\]. In human cancers, GSK3β acts as a tumor promoter or suppressor, depending on the tumor cell type \[[@B17]\].

In the present study, we found an elevated expression of GSK3β in parallel with the lesion grade. The staining intensity was also significantly increased in invasive cancer compared to CIN3, suggesting the involvement of GSK3β in cervical cancer progression. It has been shown that GSK3β may contribute to cancer cell survival and proliferation by transcriptional activation of NF-κB target genes *XIAP* and *Bcl-2* in bladder and pancreatic cancers \[[@B15][@B20]\]. In glioblastoma cells, GSK3β appears to promote cell survival and proliferation by protecting the tumor cells from apoptosis via the inactivation of p53- and/or Rb-mediated pathways \[[@B23]\]. Whether GSK3β affects NF-κB mediated cell proliferation or the inactivation of p53 and Rb in cervical cancer remains to be investigated.

The previous studies on GSK3β in human cancers showed nuclear accumulation of GSK3β in tumor cells, which is compatible with the role of GSK3β as a key regulator of various nuclear proteins \[[@B11][@B15][@B20][@B22]\]. In the present study, distinct subcellular expression pattern of GSK3β could not be determined because nuclear/cytosolic fractionation was not done. However, closely looking into our data, the amount of GSK3β increased immensely in the cytoplasm prior to nuclear accumulation and thereafter GSK3β nuclear staining increased, corresponding with the previous data \[[@B15][@B20][@B22]\].

Here, the intensity of GSK3β cytoplasmic and nuclear staining was generally stronger in cervical cancer (24/48, 50%) than in CIN3 (2/17, 11.8%) ([Table 3](#T3){ref-type="table"}) This might serve as a valuable marker for pathologic progress of cervical cancer. Many other cancers such as bladder cancer and pancreatic cancer have already proved potentials of using GSK3β as a prognostic marker \[[@B15][@B22]\]. These studies came to a conclusion that the nuclear accumulation of GSK3β has strong correlation with the poor prognosis, worse survival and high-grade tumors. Our specimens mostly included precancerous lesions and low-stage cancers because the treatment of choice in high-grade tumors is concurrent chemoradiation therapy. As cervical cancer staging is decided clinically, high-stage tumor patients were mostly excluded. If we were able to obtain specimens of these excluded patients, our results might have consolidated the results of the preceding studies. Additional studies, especially with patients at more advanced stage of cervical cancer, are needed to investigate whether this nuclear accumulation is correlated with the prognosis, survival or high-grade tumors of cervical cancer.

However, we found that GSK3β immunostaining was significantly associated with histologic type of cervical cancer, even though no correlation between other clinicopathologic parameters and GSK3β expression was seen. GSK3β expression had more relevance with SCC, although not enough adenocarcinoma specimens were retrieved. In oral cavity, GSK3β expression is also higher in SCC than in non-SCC, such as mucoepidermoid carcinoma, adenoid cystic carcinoma, and basal cell carcinoma \[[@B18]\]. These findings may indicate the involvement of GSK3β in the squamous differentiation of cancer cells.

In SCC, the study on the expression of GSK3β has been mainly focused on the phosphorylated form of GSK3β (pS9GSK3β and pY216GSK3β). As described above, in oral SCC the expression level of pS9GSK3β is also up-regulated as well as GSK3β increase \[[@B18]\]. In cervical neoplasm, the study on the expression of pS9GSK3β and pY216GSK3β showed overexpression of pS9GSK3β and c-Myc and decreased expression of pY216GSK3β in CIN and SCC \[[@B32]\]. In that study, the expression of pS9GSK3β and c-Myc is positively correlated, suggesting the involvement of pS9GSK3β in the activation of Wnt/β-catenin pathway in cervical carcinogenesis \[[@B32]\]. Taken together with our data, GSK3β seems to increase in proportion to the expression of pS9GSK3β in the progress from CIN and SCC. GSK3β and pS9GSK3β might be implicated in different signaling pathway or cellular mechanism in cervical carcinogenesis. Following studies on the expression and correlation of GSK3β with pS9GSK3β and pY216 GSK3β in cervical cancer would be required.

In the present study, cyclin D1 expression decreased with increase in GSK3β staining intensity. This inverse expression pattern of GSK3β and cyclin D1 might support the role of GSK3β as a regulator of cyclin D1 proteolysis \[[@B14]\]. Nuclear import of GSK3β causes redistribution of cyclin D1 from the cell nucleus to the cytoplasm leading to proteasomal degradation of cyclin D1 \[[@B14]\]. In cervical cancer, data on cyclin D1 expression level are conflicting. Cheung et al. \[[@B27]\] and Nichols et al. \[[@B36]\] reported cyclin D1 amplification and protein overexpression in cervical cancer. In contrast, Bae et al. \[[@B31]\] reported reduced cyclin D1 mRNA and protein expression in cases of CIN and SCC compared to normal cervical tissue. This might be because cyclin D1 is no longer required for G1 progression in cells transformed by HPV due to binding of HPV E7 to the Rb leading to the release of E2F transcription factor \[[@B37]\]. They also showed gradual increase of cyclin D1 expression with progression from dysplasia to invasive cancers, which is agreement with our result. This slight increase of cyclin D1 in cervical cancer may be associated with the involvement of cyclin D1 in the acquisition of invasive potential \[[@B38]\]. Recent studies have revealed the specific function of cyclin D1 in cell migration \[[@B39][@B40]\]. Cyclin D1 may promote cancer cell migration by inhibiting the Rho/Rho-associated protein kinase signaling and matrix deposition of TSP--1, an extracellular matrix protein \[[@B40]\]. Taken together, cyclin D1 appears to be differently functioning in precancerous and cancerous lesions of the cervix.

Recent studies have shown GSK3β as a promising therapeutic target in oral, renal, bladder, pancreatic, and colon cancers and leukemia \[[@B15][@B17][@B19][@B20][@B22][@B23]\]. Our data also identified increased expression of GSK3β with severity of the disease. But considering its functional complexity and diversity, particular cautions are needed when adopting inhibitor of GSK3β for clinical trials in cancer patients. This pluripotent kinase indeed causes degradation of cyclin D1 thereby suppressing signals that promote cancer but may also simultaneously block cell cycle inhibitors like p27 and p21, which play a key role in disrupting cell cycle \[[@B11]\]. Therefore, blocking these factors may cause opposite effect leading to unwanted proliferation.

In conclusion, our study showed the expression of GSK3β increased with disease progress from CIN to cancer and decreased expression of cyclin D1 in CIN3 and cancer compared to CIN1. Also GSK3β expression was significantly associated with the histologic type of cervical cancer, especially SCC. These results suggest a possible involvement of GSK3β and cyclin D1 in cervical carcinogenesis and would provide useful information when considering GSK3β inhibitor for clinical trials in cervical cancer.
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![Representative immunohistochemical staining (×400) of glycogen synthase kinase 3β in cervical intraepithelial neoplasia (CIN) 1 (A), CIN3 (C), and squamous cell carcinoma (E), and of cyclin D1 in CIN1 (B), CIN3 (D), and squamous cell carcinoma (F).](ogs-59-470-g001){#F1}

![Squamous cell carcinoma showed moderate to strong immunoreactivity (×400) to glycogen synthase kinase 3β (A), while adenocarcinoma showed weak or negative immunoreactivity (×400) (B).](ogs-59-470-g002){#F2}

###### Immunohistochemistry results of GSK3β and cyclin D1
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Values are presented as number (%); *P*-values are calculated using chi-square test; *P* \<0.05 was considered significant.

GSK3β, glycogen synthase kinase 3β; CIN, cervical intraepithelial neoplasia.

###### Two by two comparison of GSK3β and cyclin D1 in CIN1, CIN3 and cancer
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GSK3β, glycogen synthase kinase 3β; CIN, cervical intraepithelial neoplasia.

###### Analysis of GSK3β expression with clinicopathological characteristics
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Values are presented as number (%); *P*-values are calculated using Fisher's exact test; *P*\<0.05 was considered significant.

GSK3β, glycogen synthase kinase 3β; +, weak; ++, moderate; +++, strong; CIN, cervical intraepithelial neoplasia; FIGO, International Federation of Gynecology and Obstetrics.
